Résumé. 2014 Abstract. 2014 Stratified media and especially Langmuir-Blodgett films give rise to interesting features of the Xray reflectivity curves at grazing incidences. We have studied the projection of the electronic density along the normal to the layers of differently sequenced L.B. Films of behenic acid, in order to correlate their structure with the particular interference patterns occurring around (00l) Bragg peaks. Using both optical formalism and kinematical theory for X-rays, we have analysed these various interference phenomena. Moreover, we found a new untilted structure of these systems.
X-ray scattering techniques under grazing incidence have proved to be powerful tools for investigating the surfaces and the structure of thin films [1] . In the case of films that are made up of a few layers deposited over a thick substrate, the electronic density profile along the normal to the layers can be studied using reflectivity experiments. It has been previously shown [2] that the whole reflectivity curve displays various interesting features due to the both finite size effects and substrate influence. The aim of this paper is to analyse theoretically and experimentally the interference effects which are visible on the reflectivity pattern of stratified thin films and thus to show how information about the film deposition can be directly obtained.
Our experiments were carried out over thin organic films deposited by the classical LangmuirBlodgett (L.B.) technique [3, 4] . This [3] [4] [5] .) The data were taken on standard behenic acid layers (C22H44O2) but the results we mention apply to any L.B. film or any regular stratified film as for example compositionmodulated amorphous thin films [6] .
The interference effects we study here in detail, and which have already been observed on L.B. multilayers by a few workers, mainly consist of subsidiary maxima between main Bragg peaks. The first observation of these effects was carried out by Bisset and Iball [7] . Their interpretation of the X-ray diffraction data was only qualitative and based on the analogy with a finite size optical grating. More recently, an investigation of fine interference structure in L.B. films of manganese stearate was performed by Pomerantz et al. [2] who used both X-rays [2] and neutrons [8] . Their data processing involved a general optical formalism [9] , well suited for computations but which obscured the physical origins of the observed patterns. Apart from these studies, several structure determinations using standard methods of crystallography (i.e. Fourier transforms) have been performed on L.B. films including a large number of layers which prevent the observation of finite size effects [10] .
In this paper, we used both methods ( [3] [4] [5] . Let us only recall that the films are prepared by transferring floating organic monolayers onto solid substrate. In the most common deposition mode (Y type) amphiphilic molecules (i.e. molecules with hydrophilic head and aliphatic tail) stack in a tail-to-tail configuration (see Fig. 1 ). figure 2 and described in detail in reference [12] . In our geometry 81 = 02 and the wavevector transfer (Q = kf -ki) is parallel to the z-axis perpendicular to the substrate plane (see Fig. 3 where p, = n, sin 0, po = no sin 0 and no, n, are the indices of air and substrate respectively.
The final reflectivity is then :
It should be noted that angular dependence of the atomic scattering factor (i.e. the index) can be easily included in this general formalism. The method or equivalent computation schemes [9] have been used previously in many reflectivity studies using X-rays [15, 16] The reflectivity patterns of all the samples we studied are very similar and the main differences concern the interference phenomena occurring around the first Bragg peak. Next section will be devoted to the study of these interferences. The aim of this section is to show, through the study of a typical sample (27 layers (Fig. 4b) is the most interesting since it exhibits many striking features. Let us first consider the (001) Bragg peak surrounded by subsidiary maxima.
One can notice that the intensity of the subsidiary maxima is high before the first peak and very low after it. This cannot be explained by regular damping with increasing incidence, since there is about one order in magnitude between the intensities. The [22, 23] and with our observations made by electron microscopy on replicas [24] . Micrographs taken on these samples look rather blurred, on account of the disorder of the last layer. These features are probably dependent also on the film structure which we shall examine now.
STRUCTURE ALONG THE NORMAL TO THE
LAYERS. -Bilayer spacing can be easily obtained from the last part of the pattern (Fig. 4c) . Here [25, 26] . Note Using the formalism given in section 3.1, the reflectivity curve can be calculated if the whole index profile 8 (z) is known. The reflectivity curve calculated using the 8 (z) profile given in figure 5 (solid line in Fig. 4) The previous section showed that particular interference features are visible at small angles on the reflectivity curve. The main drawback of the optical matrix formalism (Sect. 3.1) is that, concerning our systems, it does not show the origins of the different features on the reflectivity pattern. Fortunately, for angles greater than a few Oc, multiple diffraction effects are weak (reflectivities are small) so that kinematical approximation (i.e. single scattering) is valid (Sect. 3.2).
Analytic expressions can therefore be obtained, showing clearly the effects we aim to discuss. We shall assume that the systems are composed of identical monolayers. For the sake of clarity, calculations will be made in all cases with the same structure within the unit cell and with step-like interfaces. The four cases of figure 1 will be reviewed. (F is proportional to the structure factor for the unit cell.)
It is assumed from the deposition mode that the cell is centrosymmetric so that F is real. F is positive in case 3 of figure 1 and negative in case 2.
The leftmost two terms in the brackets in equation (3) are the Kiessig fringes contribution. The expression is the same as equation (2) where the roughnesses have been taken to be equal to zero.
The third term corresponds to Bragg peaks with secondary maxima. Their intensity is proportional to the squared structure factor. The expression is exactly the same as for a finite size optical grating.
The rightmost term is the interference term between the two previous phenomena. In the present case, this term is small since (2 8f -8s) is small : the mean density of the film (8 f = 7.6) is close to half the density of silicon (8 =17.1). Figure 6 shows a plot of separate contributions of Kiessig fringes and of (001) Bragg peak, then the result of all the terms of equation (3) (even 0 but large in the other (odd 1). Figure 7 shows the interference effect around the (001) Bragg peak. In this case, fringes and secondary maxima coincide, so that the interference has a very large effect on the intensity of subsidiaries. The sign change of the large interference term from one side of the Bragg peak to the other results in a very strong damping of the fringes. The ratio of their intensity before and after the peak is actually about 100. The calculations predict that this striking effect should be inverted in the case of a deposition over an hydrophobic substrate (Fig. 1-4 Figure 8 shows the experimental reflectivity data around the (001) Bragg peak for different sequences of deposition. Figure 8a displays Fig. 1 ), b) Sample planned to be 27-layer on hydrophobic substrate (case 4 in Fig. 1 ). The last layer actually went off so that the sequence is the same as for the 26-layer sample. c) 27- layer sample on hydrophilic substrate -case 1 in figure 1. in Fig. 1 Fig. 1 ). Figure 8c reproduces an example of such patterns taken from figure 4b (27 layer sample) ; all the features described in section 5.2 and plotted in figure 7 are visible. 6 . Conclusion.
Interference phenomena play a major role in X-ray reflectivity studies of layered thin films. We saw that these effects are large in the small angle part of the reflectivity curve and that they strongly alter classical diffraction features. These effects, which must be taken into account in structure factor determination, [28] , may also be very interesting, since a very large variety of artificial structures may be designed with these techniques.
